Disruption in neuropeptide Y and leptin signaling in obese ventromedial hypothalamic-lesioned rats.
Electrolytic lesions placed in the ventromedial hypothalamus (VMH) of rats induce instant hyperphagia and excessive weight gain. Since neuropeptide Y (NPY) is a potent hypothalamic orexigenic signal, and leptin secreted by adipocytes regulates NPY output, we tested the hypothesis that altered NPYergic-leptin signaling may underlie hyperphagia in VMH-lesioned rats. VMH-lesioned rats exhibiting hyperphagia and excessive weight gain in a time-related fashion were sacrificed on days 2, 7, and 21 post-surgery. Quite unexpectedly, NPY concentrations in the hypothalamic paraventricular nucleus (PVN), a major site of NPY release for stimulation of feeding, and in other sites, such as the dorsomedial nucleus, lateral hypothalamic area and median eminence-arcuate nucleus decreased, with the earliest diminution occurring on day 2 in the PVN only. In vitro basal and K+-evoked NPY release from the PVN of VMH-lesioned rats was significantly lower than that of controls. Analysis of hypothalamic NPY gene expression showed that although the daily decrease in NPY mRNA from 0800 to 2200 h occurred as in control rats, NPY mRNA concentrations were markedly reduced at these times in the hypothalami of VMH-lesioned rats. Leptin synthesis in adipocytes as indicated by leptin mRNA levels was also profoundly altered in VMH-lesioned rats. The daily pattern of increase in adipocyte leptin mRNA at 2200 h from 0800 h seen in controls was abolished, higher levels of leptin gene expression at 2200 h were maintained at 0800 h. The pattern of increase in serum leptin and insulin levels diverged in VMH-lesioned rats. Serum insulin concentration increased to maximal on day 2 and remained at that level on day 21-post-lesion; serum leptin levels on the other hand, increased slowly in a time-related fashion during this period. These results demonstrate that hyperphagia and excessive weight gain in VMH-lesioned rats are associated with an overall decrease in hypothalamic NPY and augmented leptin signaling to the hypothalamus. The divergent time course of increases in serum leptin and insulin levels suggest independent mechanisms responsible for their augmented secretion, and neither these hormones nor VMH lesions altered the daily rhythm in NPY gene expression. These observations underscore the existence of an independent mechanism controlling the daily rhythm in hypothalamic NPY gene expression and suggest that leptin feedback action requires an intact VMH.